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Abstract. Synthetic varieties of corn are open-pollinated populations obtained by cross-pollination of 
a group of inbred lines. Besides the inbred lines, corn synthetics can be obtained from local 
populations or hybrids. In general, they are superior to local populations but not exceeding heterotic 
hybrids. The main advantage of corn synthetic varieties is that their heterosis does not diminish 
significantly in F2 generation. Interest in this biological category increased after 1999, when 
CIMMYT's considered viable alternatives in areas where use of hybrid seed is too expensive 
(especially in developing countries). 
 Obtaining corn synthetics from local populations aims at enriching their gene pool with a 
large number of valuable genes derived from local populations that are characteristic to some 
agricultural areas. SCDA Turda tried to exploit the large number of local populations still existing in 
Romania, and obtained a series of synthetics intended for areas that still practice subsistence 
agriculture. To assess their value, we tested six synthetics obtained from local populations in 
comparison with one traditional synthetic derived from inbred lines; two locations and two 
experimental years have been considered and the conclusions have been included in this paper. 
 Synthetic populations derived from a combination of local populations cannot be used as 
such in production due to their lower yield performance and low resistance to stalk breaking and 
falling. Nevertheless, they can be valuable sources of genes for the following traits: vegetative period, 
earliness, resistance to low spring temperatures, resistance to Fusarium, precocity and the content of 
fat, protein, fiber and minerals. 
 
Keywords: corn synthetic populations, local populations, inbred lines, hybrids, heterosis, subsistence 
agriculture 
 
INTRODUCTION 
 
Corn synthetics are populations with cross pollination obtained by cross pollination of 
a group of inbred lines (Bernardo, 2002).These were first suggested as a way to increase corn 
yields by Jones (1918), being a viable alternative to local populations usually providing low 
seed yields. 
The yield coming from advanced corn synthetics obtained by Lonnquist and McGill 
(1956) was higher than that coming from the parental population by 9 - 22%, reaching 88-
102% of the yield of the double hybrid US13 that had been used as control. Cordova and 
Marquez-Sanchez (1976) obtained a synthetic population consisting of five inbred lines that 
had an output equal to that obtained in two simple hybrids. Although synthetic populations 
are generally less productive than heterotic hybrids, their main advantage is that the heterosis 
does not diminish significantly in F2. Marquez-Sanchez (1979) found that in a synthetic 
population made of 10 parents, 90% of the heterosis obtained in F1 remained in F2. 
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These positive aspects come to support the approach promoted by CIMMYT (1999) in 
order to obtain highly productive synthetic populations of corn, which is of great importance 
mainly in places where the use of hybrid seed is too expensive (especially in developing 
countries). From that year on, synthetic corn populations have acquired a special importance 
as objectives of the research in the field. 
A number of studies have shown the interest of farmers practising organic farming in 
the U.S. and Canada to use their own seed for future establishment of cultures (Smith et al., 
2003, Lamkey, 2001). Local populations of corn were only profitable if they were intended as 
forage crops (Smith et al., 2003) or silage (Carena and Wicks, 2006). Seed production of local 
populations was 70% lower than that obtained from hybrids (Matchett, 2006; Hull, 2005), 
showing an obvious disadvantage for farmers who grew them (Kutka, 2005). On the other 
hand, for organic farming, corn synthetics are cheap and stable varieties, clearly superior to 
local populations. Besides the inbred lines, corn synthetics can be obtained from hybrids or 
local populations. Sahagún Castellanos (2011), taking into account the fact that farmers in 
Mexico, due to lack of money, used advanced generations of single and double hybrids, 
suggested using a few simple and double hybrids to obtain synthetic populations of corn. 
Producing synthetic populations from hybrids seems advantageous mainly because it only 
needs a small number of parents (Márquez-Sánchez, 2008). The resulting synthetic 
populations behaved like the traditional synthetics obtained from inbred lines, which had been 
the parents of the used hybrids.  
Obtaining corn synthetics from local populations aims at enriching their gene pool 
with a large number of valuable genes derived from local populations’ characteristic to some 
agricultural areas. SCDA Turda tried to exploit the large number of local populations still 
existing in Romania, and obtained a series of synthetics intended for areas that still practice 
subsistence agriculture. To assess their value, we tested six synthetics obtained from local 
populations and compared them with one traditional synthetic derived from inbred lines. 
 
MATERIALS AND METHODS 
 
To achieve the proposed objectives of the research project, we studied six synthetic 
corn populations obtained from local populations collected in Transylvania, along with a 
traditional synthetic population obtained from corn inbred lines, which was used as control. 
All these synthetic populations were created at SCDA Turda (Table 1). 
The seven synthetic populations were studied in two locations: SCDA Turda and 
SCDCB Sângiorgiu de Mures, in 2011. To characterise the synthetic populations, the 
following observations and phenotypic determinations were made: vegetative vigour, low 
temperature resistance, number of days between sowing and flowering, the sum of active 
thermic degrees between sowing and flowering, number of days between sowing and 
appearance of stigmas, the sum of active thermic degrees between sowing and appearance of 
stigmas, number of days between sowing and physiological maturity, the sum of active 
thermic degrees between sowing and physiological maturity, drought resistance, resistance to 
rust, Puccinia maydis, resistance to corn smut, Ustilago maydis, resistance to 
Helminthosporium turcicum, the percentage of plants with stalks affected by Fusarium, plant 
height (cm), height of main cob insertion (cm), total number of leaves, number of leaves 
above the main cob, cob weight (g), average kernel weight per cob (g), the grain outturn per 
cob, average number of grains in a row, average number of grains per cob, cob diameter 
(mm), a thousand –kernel weight (TKW) (g), hectolitre weight, grain type (variety), colour of 
the rachis, colour of the grain,  resistance to cob Fusarium and germination. 
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Tab. 1 
Studied corn syntethic populations 
 
No. Syntetic population Component germplasm Selection method 
1 Turda Syn Mara (2) 
Eight local population from Mara Valley -
Maramureş 
4 cycles of recurrent 
selection 
2 Turda Syn 1 (3) 
12 local population from Transylvania, 
indurata type 
8 cycles of recurrent 
selection 
3 Turda Syn 8 (4) 
Local population from Transylvania and 
Moldavia, indurata type 
4 cycles of recurrent 
selection 
4 Turda SRR 2I(5D) (2) 
Early Transylvanian local population, 
indurata type 
6 cycles of recurrent 
selection and one reciprocal 
recurrent cycle 
5 Turda SRR 5D(2I) (2) 
Local population from Transylvania, 
dentiformis type 
6 cycles of recurrent 
selection and one cycle of 
reciprocal recurrent selection 
6 Turda Syn3 (per se) (3) 
Mid-early Transylvanian local population, 
indurata type 
8 cycles of recurrent 
selection and one cycle of 
“per se” selection 
7 
Turda SRR 5DR(6I) (5) - 
control 
12 inbred lines, dentiformis type 
four cycle of reciprocal 
recurrent selection 
 
The corn cobs were harvested at technologic maturity and the yield was calculated 
for 14.5% moisture, corrected with temperature, and expressed in q/ha. The dry matter content 
was calculated in relation with the grain moisture. The chemical analyses, the analyses for 
content of protein, fats, starch, fibres and minerals were carried out by using an Instalab 600 
device. 
The data processing, LSD calculation and variance analysis were done on the 
computer, using the BRANDPOR programme, created by the Department of Informatics from 
SCDA Turda. 
 
RESULTS AND DISCUSSIONS 
 
 After performing phenotypic observations and determinations, the seven synthetic 
populations taken into consideration can be characterized as follows: 
 
 Turda Syn Mara (2) - has good early vigour, while resistance to low spring 
temperatures is average to good. The analysis of the sum of active degrees from sowing to 
flowering indicates the fact that the synthetic population Tu Syn Mara (2) belongs to the 
group of early populations; the situation is similar in the case of the active degrees from 
sowing to physiological maturity, making the synthetic population comparable to the very 
early hybrids (FAO 180-220). The synthetic population has medium resistance to drought, 
good resistance to rust and smut and medium resistance to Helminthosporium turcicum. The 
percentage of plants broken below the cob, caused mostly by Fusarium stalk rot, indicates a 
medium-low resistance to this disease. The low resistance to stalk breaking is one of the 
problems faced by corn breeders when working with local germplasm. The plant height (cm), 
and the height of main cob insertion (cm) are medium, and correlated with these values are 
the total number of leaves and the number of leaves above the main cob; the number of 
ramifications at the panicle can be characterised as medium. The average cob weight and the 
average weight of grains per cob indicate a synthetic population with a rather small cob, while 
the grain outturn per cob is specific to a genotype with reduced vegetation period. Cob length 
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is quite small, and its diameter and number of rows of grains on the cob show the tendency 
for medium values of this trait. The yield of grains per cob and their depth are typical to a 
synthetic population originating from local populations of the indurata type. The thousand-
kernel weight is quite low, whereas the hectoliter weight is fairly high for corn. The resistance 
to Fusarium cob rot is good to very good. 
 
 Turda Syn 1 (3) - has medium / good vigour and the cold tolerance in the first period 
of vegetation was medium. The vegetation period expressed by the sum of useful thermal 
degrees in the first part of the growing season (sowing-flowering and sowing-emergence of 
stigmata) is typical to early populations. The vegetation period is similar to that of early 
hybrids. The percentage of plants broken below the cob was 34%, indicating a high sensitivity 
of the population to Fusarium stalk rot. Plant height and cob insertion height average values 
were mainly medium and the number of ramifications of the panicle can be considered high. 
The average weight of the cob and the average weight of the grains had rather low values. The 
values for cob length and the number of grains /row indicate a short cob, while the number of 
grain rows /cob was medium to high. Cob diameter values at the base, middle and top suggest 
a conical shape. The 1000-kernel weight is low, the grain is of indurata type and it is orange 
in colour; resistance to Fusarium grain rot is quite good. 
 
 Turda Syn 8 (4) - contains plants with good vegetative vigour in early recordings and 
good cold tolerance as well. It has good resistance to corn smut but it is susceptible to attacks 
by Helminthosporium turcicum. The protandry in the case of this population is significant, 
especially under less favourable climatic conditions. The amount of useful thermal degrees 
from sowing to flowering, respectively from sowing to emergence of stigmas indicates a 
genotype with longer growing season, corresponding with the early-semi-early hybrids. The 
same aspect is revealed by the sum of useful thermal degrees from sowing to physiological 
maturity. Plant height and main cob height had mainly average values, the number of 
branches of the panicle shows a medium value for this trait and the richness in pollen can be 
considered good. The number of ramifications of the panicle is big, indicating richness in 
pollen, which is characteristic to forms of the indurata variety. Cob weight values were rather 
low but grain productivity per cob mainly had high values. The cob is pronouncedly conical 
in shape. The values of the 1000-kernel weight were rather low as compared to other synthetic 
populations included in this study but, as a trait of the orange-grained corn of indurata type, 
the low TKW and the specific endosperm made the values of the hectolitre weight are fairly 
high. The resistance to Fusarium cob rot was also good. 
 
 Turda SRR 2I (5D) (2) - displayed very good early vigour and cold tolerance was 
good as well. This synthetic population falls into the early populations group. It has a medium 
drought resistance, very good resistance to common corn smut, but it reveals a high degree of 
sensitivity to helminthosporiose. The percentage of plants with stalks affected by Fusarium 
was quite high, too. Among the traits related to cobs, one must note the high kernel outturn at 
harvest time. The cob measured 158.2 mm in length and was pronouncedly conical. The 
1000-kernel weight and the hectolitre weight were both quite reduced as compared to the 
other populations. Grain depth was medium; grains were yellow-orange in colour. The 
analysis revealed low resistance to Fusarium cob rot. 
 
 Turda SRR 5D(2I) (2) – had more reduced early vigour than the forms of the 
indurata type, and also more reduced cold resistance. It displayed very good resistance to corn 
smut and average sensitivity to helminthosporiose. The percentage of plants that had the base 
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of the stalk affected by Fusarium rot was lower than in the case of the other synthetic 
populations. The number of panicle ramifications was not as big as for the forms belonging to 
the indurata type. The weight of the cob and also of the grains per cob did not exceed the 
average values of the experimental system. The grain yield was fairly high, whereas the cob 
was reduced in length. The conical shape is not as pronounced as in the case of the indurata 
forms. The hectolitre weight was the lowest in the whole experimental system. The resistance 
to Fusarium cob rot can be described as average. 
 
 Turda Syn3 (per se) (3) – displayed a quite reduced early vigour for a population 
from the indurata group. Even though it comes from more late local populations, the pressure 
exerted by selection for earliness had, as a consequence, a vegetation period that is similar to 
that of the synthetic populations of indurata type. Plant height had quite big values, while 
main cob insertion was quite low, considering the fact that it started from quite tall 
populations with high insertion of the main cob. Like in the case of the other synthetic 
populations originating from local populations, the panicle is quite rich. The cob weight and 
the grain weight per cob were bigger than for the other synthetic populations. The 
productivity per cob was also high for a synthetic population from the indurata variety, and so 
was the length of the cob, much higher than for the rest of the synthetic populations taken into 
consideration. The average number of rows per cob was fairly big as well, considering the fact 
that the cob was quite long, too. The hectolitre weight was high, which is a characteristic of 
the synthetic populations from the indurata variety. The colour of the grains is yellow-orange, 
and the rachis is white. The resistance to Fusarium cob rot can be considered low, which is 
typical to synthetic populations obtained from local populations from the indurata variety. 
Turda SRR 5DR(6I) (5) – the control - had an early vigour similar to that of the 
synthetic populations obtained from local populations. The vegetation period, either expressed 
in days or in active thermic degrees is comparable to that of late synthetic populations 
obtained from local populations (Tu Syn 8 (4) and Tu Syn 3(3)).The percentage of plants with 
the stalk affected by Fusarium rot was lower than in the case of synthetics obtained from local 
populations. This can be explained by the fact that, during the process of creating in-bred 
lines, part of the genes responsible with the transmission of low resistance to breaking and 
falling down were eliminated, and, later on, in the process of reciprocal-recurrent selection, 
the selected plants were those that could transmit good resistance to stalk breaking/falling 
down. Plant height and main cob insertion height were similar to that of the synthetic 
populations obtained from local populations. The number of panicle ramifications exceeds the 
values recorded for the synthetic population Tu SRR 5D (2I)(2) from the dentiformis variety, 
but are inferior to all the synthetic populations of indurata type. More than that, this synthetic 
population provided the highest average cob weight (158.8 g) and the highest average weight 
of grains/cob (135,7 g); Grain productivity per cob was also very good-85,4%. The cob length 
was inferior to the synthetic population Tu Syn 3 (3), but higher than all the other synthetics 
(17.25 cm). The 1000-kernel weight and also the hectolitre weight were the highest of all 
synthetic populations in the research (9.0 mm). 
 
The analysis of the production capacity revealed the fact that the traditional corn 
synthetic population (obtained from in-bred lines) was clearly superior to the synthetic 
populations obtained from local populations, the differences being statistically assured. In 
both experimental locations, the most productive synthetic population was Turda Syn3 (per 
se) (3). The results indicate the fact that synthetic populations obtained from local populations 
can only be used for creating in-bred lines, and not for direct production. (Table 2) 
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Tab. 2 
Yield potential of the studied synthetic populations (q/ha) 
 
No. Genotype 
Sângeorgiu de 
Mureş 
Turda 
Mean for 2 locations 
q/ha Relative value 
1 Turda Syn Mara (2) 42.7
000
 29.1
0
 35.9 69.9 
2 Turda Syn 1 (3) 40.4
000
 26
00
 33.15 64.6 
3 Turda Syn 8 (4) 43
000
 27.3
00
 35.15 68.5 
4 Turda SRR 2I(5D) (2) 44.7
000
 27.1
00
 35.9 69.9 
5 Turda SRR 5D(2I) (2) 44.9
000
 27.3
00
 36.1 70.3 
6 Turda Syn3 (per se) (3) 51
000
 27.7
00
 39.35 76.6 
7 
Turda SRR 5DR(6I) (5) - 
control 
64.7 38 51.35 100 
 DL 5% 7.34 7.64   
 DL 1% 9.77 10.25   
 DL 0.1% 12.54 13.41   
 
 The vegetation period is highly reflected in the percentage of dry matter in the grains 
at harvest time. The mean between the two locations for this percentage, for all the synthetic 
populations in the research, was higher than the mean obtained for the control synthetic 
population, which proves their more pronounced earliness. The highest dry matter percentage 
came from the synthetic population Syn Mara (2), originating from The Mara Valley, in the 
Maramures Depression. These results sustain the idea of using the synthetic populations as 
genitors for increasing earliness. (Table 3) 
 
Tab. 3 
Kernel dry matter content of the studied synthetic populations (%) 
 
No. Genotype 
Sângeorgiu de 
Mureş 
Turda 
Mean for 2 locations 
% Relative value 
1 Turda Syn Mara (2) 82.8
xxx
 85.1
xx
 83.95 104.3 
2 Turda Syn 1 (3) 81 83.8
x
 82.4 102.4 
3 Turda Syn 8 (4) 80.5 83.1 81.8 101.6 
4 Turda SRR 2I(5D) (2) 81 82.7 81.85 101.7 
5 Turda SRR 5D(2I) (2) 81.5
X
 83.4 82.45 102.4 
6 Turda Syn3 (per se) (3) 79.3 79.9 79.6 98.9 
7 
Turda SRR 5DR(6I) (5) - 
control 
79.9 81.1 80.5 100.0 
 DL 5% 1.54 2.34   
 DL 1% 1.98 3.16   
 DL 0.1% 2.45 4.20   
In terms of protein content, the studied synthetic populations were not different 
statistically from the control. The highest average values for protein content were recorded for 
the synthetic populations Tu Syn Mara (2) and Tu Syn 1 (3); these synthetic populations also 
had the most reduced growing season. The most favourable conditions for accumulation of 
protein in corn grains were recorded at SCDA Turda (Table 4). 
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Tab. 4 
Kernels protein content of the studied synthetic populations (% dry matter) 
 
No Genotype 
Sângeorgiu de 
Mureş 
Turda 
Mean for 2 locations 
% dry matter Relative value 
1 Turda Syn Mara (2) 12.91 13.72 13.3 101.6 
2 Turda Syn 1 (3) 12.54 14.07 13.3 101.6 
3 Turda Syn 8 (4) 12.39 13.77 13.1 99.8 
4 Turda SRR 2I(5D) (2) 12.56 13.72 13.1 100.3 
5 Turda SRR 5D(2I) (2) 13.36 13.12 13.2 101.1 
6 Turda Syn3 (per se) (3) 11.91 13.57 12.7 97.3 
7 
Turda SRR 5DR(6I) (5) - 
control 
12.48 13.72 13.1 100.0 
 DL 5% 0.57 0.66   
 DL 1% 0.79 0.83   
 DL 0.1% 1.03 1.07   
 
Specialists consider that 6% fat is the threshold for high-fat genotypes 
(ALEXANDER, 1988). Consequently, we may consider that Turda Syn Mara (2), Turda Syn 
1 (3) Turda Syn 8 (4) Turda SRR 2I (5D) (2) are genotypes with high fat content. Apart from 
the synthetic SRR 5D Turda (2I) (2), all the synthetic populations we studied exceeded the fat 
content level of the control (Table 5). 
 
Tab. 5 
Kernels oil content of the studied synthetic populations (% dry matter) 
 
No Genotype 
Sângeorgiu de 
Mureş 
Turda 
Mean for 2 locations 
% dry matter Relative value 
1 Turda Syn Mara (2) 6.44
xxx
 7.34
xxx
 6.89 127.6 
2 Turda Syn 1 (3) 6.32
xxx
 5.99
xxx
 6.16 114.0 
3 Turda Syn 8 (4) 6.12
xxx
 7.14
xxx
 6.63 122.8 
4 Turda SRR 2I(5D) (2) 5.8
xxx
 7.19
xxx
 6.50 120.3 
5 Turda SRR 5D(2I) (2) 5.1 4.49
000
 4.80 88.8 
6 Turda Syn3 (per se) (3) 5.95
xxx
 5.59 5.77 106.9 
7 
Turda SRR 5DR(6I) (5) - 
control 
5.2 5.59 5.40 100.0 
 DL 5% 0.31 0.28   
 DL 1% 0.44 0.37   
 DL 0.1% 0.55 0.53   
Among crops, corn is a leading provider of starch, and starch content has lately 
become more important due to its use as raw material for the manufacture of bioethanol. For 
this reason it is considered that, in the future, increasing the starch content in grains will be a 
significant breeding direction in corn.  Out of the populations we studied, only Turda SRR 5D 
(2I) (2) exceeded the control values in terms of starch content. There is some correlation 
between longer growing season and starch content; also, it should be noted that the 
populations with high starch content are from the dentiformis variety, this being a 
characteristic of these genotypes (Table 6). 
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Tab. 6 
Kernels starch content of the studied synthetic populations (% dry matter) 
 
No Genotype 
Sângeorgiu de 
Mureş 
Turda 
Mean for 2 locations 
% dry matter Relative value 
1 Turda Syn Mara (2) 63.72
000
 60.98
000
 62.35 93.2 
2 Turda Syn 1 (3) 63.79
000
 62.38
000
 63.09 94.3 
3 Turda Syn 8 (4) 64.74
000
 60.15
000
 62.45 93.4 
4 Turda SRR 2I(5D) (2) 65.6
000
 60.68
000
 63.14 94.4 
5 Turda SRR 5D(2I) (2) 67.75 69.08
xxx
 68.42 102.3 
6 Turda Syn3 (per se) (3) 66.2
000
 65.53 65.87 98.5 
7 
Turda SRR 5DR(6I) (5) 
- control 
68.07 65.68 66.88 100.0 
 DL 5% 0.90 1.31   
 DL 1% 1.24 1.72   
 DL 0,1% 1.61 2.25   
 
Fiber content in vegetable products became important when revealing their role in 
maintaining human and animal body health (COCIOBA, 2010); the corn used both in human 
diets and in monogastric animal feed rations may be an important source for maintaining 
health. By making the mean between the experimental results of the two sites, we found that 
synthetics Turda Syn Mara (2), Turda SRR 2I (5D) (2) and Turda SRR 5D (2I) (2) have 
exceeded the control values in terms of fiber content. There does not seem to be a relationship 
with variety or vegetation period in the heredity of this trait (Table 7). 
On mineral content, it was found that only the synthetic Turda SRR 5D (2I) (2) was 
lower than the control. Genotypes with the richest mineral content were Turda Syn Mara (2) 
and Turda Syn 8 (4). We can say that synthetic populations from indurata variety are richer in 
minerals than the dentiformis forms (Table 8). 
 
Table7 
Kernels fiber content of the studied synthetic populations (% dry matter) 
 
No Genotype 
Sângeorgiu de 
Mureş 
Turda 
Mean for 2 locations 
% dry matter Relative value 
1 Turda Syn Mara (2) 4.94 6.87
xx
 5.91 107.4 
2 Turda Syn 1 (3) 4.46 5.32
000
 4.89 88.9 
3 Turda Syn 8 (4) 4.46 6.52 5.49 99.8 
4 Turda SRR 2I(5D) (2) 4.59 6.67
xx
 5.63 102.4 
5 Turda SRR 5D(2I) (2) 5.31
xx
 5.75
000
 5.53 100.5 
6 Turda Syn3 (per se) (3) 4.54 5.82
000
 5.18 94.2 
7 
Turda SRR 5DR(6I) (5) 
- control 
4.78 6.22 5.50 100.0 
 DL 5% 0.35 0.36   
 DL 1% 0.52 0.52   
 DL 0.1% 0.66 0.67   
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Tabelul 8 
Kernels minerals content of the studied synthetic populations (% dry matter) 
 
No. Genotype 
Sângeorgiu de 
Mureş 
Turda 
Mean for 2 locations 
% dry matter Relative value 
1 Turda Syn Mara (2) 4.41
xxx
 6.7
xxx
 5.56 212.0 
2 Turda Syn 1 (3) 4.39
xxx
 4.98
xxx
 4.69 178.8 
3 Turda Syn 8 (4) 3.68
xxx
 6.74
xxx
 5.21 198.9 
4 Turda SRR 2I(5D) (2) 3.18
xxx
 6.76
xxx
 4.97 189.7 
5 Turda SRR 5D(2I) (2) 1.51 1.77
000
 1.64 62.6 
6 Turda Syn3 (per se) (3) 3.73
xxx
 4.27
xxx
 4.00 152.7 
7 
Turda SRR 5DR(6I) (5) - 
control 
1.98 3.25 2.62 100.0 
 DL 5% 0.53 0.15   
 DL 1% 0.72 0.23   
 DL 0.1% 0.95 0.32   
 
CONCLUSION 
 
Synthetic populations of corn derived from local populations cannot be used as an 
alternative to hybrids in production due to low productivity and poor resistance to falling and 
breaking. On the other hand, these synthetic populations can be valuable genitors for: 
earliness, cold tolerance, resistance to Fusarium, content of fat, protein, fiber and minerals. 
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